Introduction {#sec1-1}
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Reintubation after mechanical ventilation is always considered as worst event despite having standard criteria for weaning. Endotracheal reintubation is not unusual for critically ill patients after open heart surgery.\[[@ref1]\] The overall incidence for reintubation in a general surgical intensive care unit is 4% but varies intensely between 1%--13%, depending on the underlying disease course.\[[@ref2]\]

In literature, the incidence of reintubation in patients who were reweaned from mechanical ventilation after cardiac surgery is 6.6%.\[[@ref3]\]

Reintubation is not only associated with increased duration of mechanical ventilation but also increases the length of ICU and hospital stay.\[[@ref4]\] Reintubation is known to be an independent cause, which increases mortality. Patients who require reintubation have poor prognosis with a mortality rate exceeding 30%--40%, irrespective of the cause for reintubation.\[[@ref5]\]

We performed a prospective study among those patients who have meet the determine criteria for extubation on mechanical ventilation and discharge from Cardiac Intensive Care Unit (CICU) after cardiac and thoracic surgery. We also and assess the number of patients requiring readmission to the CICU, and the factors causing reintubation, with their outcome.

Methodology {#sec1-2}
===========

The study was conducted in CICU of Aga Khan University Hospital which is a JCIA accredited over 500-bedded hospital. The CICU has capacity of 8 beds and it is run by the joint team effort of surgeons and cardiac anesthesiologist who has specialist training in cardiac anesthesia and ICU. The team provide 24/7 coverage.

All adult patients who successfully extubated in CICU after open-heart surgeries including coronary bypass grafting (CABG), valve replacement/repair, combined procedures, adult atrial septal/ventricle septal defects, and planned thoracotomies were included in the study. The study was exempted from Hospital Ethical Review Committee and completed over a period of 1 year from January to December 2016.

American Society of Anesthesiologists status at the time of surgery and their comorbids were also being noted for all included patients. Patients died in the operating room or CICU were excluded from the study. A total of 750 patients fulfilling inclusion criteria, admitted in CICU during this period, were enrolled in the study. All components of management have been part of the standard care policy at our institution. Patients were targeted qualifying discharge from the CICU on the second or third postoperative day, on their arrival in the CICU.

Standard postoperative care consisted of mechanical ventilation with synchronized intermittent mandatory ventilation with pressure support (PS) and cardioactive drugs where indicated. The use of warm air heaters to maintain normothermia, and analgesia with intravenous narcotics boluses (fentanyl) were also prescribed by either anesthesiologist or primary surgeon as required to patients. Criteria for weaning from the ventilator included hemodynamic stability (no or decreasing use of cardioactive drugs), absence of significant bleeding (\<100 mL/h), absence of significant arrhythmias, adequate urine output (\>1 mL/kg/h), and oxygen saturation more than 95% with fractional concentration of inspired oxygen less than 0.50; the patient also needed to be sufficiently awake to follow commands.

Patients fulfilling these criteria were placed on PS ventilation for 20--30 min, and in the absence of respiratory or cardiac distress, extubation was performed immediately thereafter. During this period, any increasing requirement for cardioactive drugs or significant decrease in oxygen saturation (90% despite oxygen mask), urine output, or level of consciousness was considered a contraindication for discharge. After second or third postoperative day, the patient is routinely discharged from CICU with set above criteria. Whenever any bounce back or reintubation in the CICU were observed and identified the reasons of readmission and reintubation were recorded.

All data were collected by CICU nurse on predesigned data collection form. The principal reasons for reintubation, length of stay in the CICU as well as hospital following reintubation, the occurrence of postoperative complications and outcome in terms of mortality was also be determined in all patients.

All statistical analysis was performed using Statistical Packages for Social Science version 19 (SPSS Inc., Chicago, IL, USA). The cause of reintubation was the primary study variable. Mean and standard deviation were estimated for quantitative variables such as age, ICU, and hospital stay. Frequency and percentage were computed for qualitative variables and analyzed by Chi-square test. *P* ≤ 0.05 was considered statistically significant.

Results {#sec1-3}
=======

We received 750 patients fulfilling inclusion criteria after adult open heart surgeries and planned thoracotomies in CICU over a period of 1 year. A total of 32 patients were readmitted during study, and among them, number of reintubations were documented 25 (3.33%) \[[Table 1](#T1){ref-type="table"}\]. Patients underwent a CABG together with a valve replacement had a higher incidence of endotracheal reintubation 3/39 (7.69%) when comparison to CABG 13/517 (2.51%) and valve procedure 4/135 (2.96%) alone.

###### 

Rate of reintubation with respect to gender and procedures (*n*=750)
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Demographic data showed a mean age of 55.8 ± 19.9 years. The number of male patients was almost two times compared with the females. Patients who underwent a CABG were 517 (68.93%). Most of the cases were male (80%) and 80% were open heart surgeries, and 20% were thoracic surgeries \[[Table 2](#T2){ref-type="table"}\]. Majority of the patients were readmitted during the first 24 h after initial discharge from CICU. The single cause of endotracheal reintubation was observed in 7 patients (28%), in which 5 patients (20%) had respiratory, and 2 patients had (8%) cardiovascular. While 18 patients (72%) patients were observed with multisystem involvement, in which 7 patients (28%) had both respiratory and cardiovascular causes, and 2 (8%) had both respiratory and neurological causes. Moreover, there were 7 (28%) patients who had more than 2 causes with respiratory, cardiovascular, and neurological. The breakup of each cause of reintubation is also mentioned in [Table 3](#T3){ref-type="table"}.

###### 

Characteristics of patients (*n*=25)
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###### 

Subtype of causes of re-intubation (*n*=25)
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More than 70% cause of reintubation was both respiratory and cardiovascular as shown in \[[Figure 1](#F1){ref-type="fig"}\]. The CICU stay after reintubations was 12.88 ± 16.88 days and the hospital stay prolonged to 23.84 ± 21.61 days. The mortality after intubation was 44% of patients. We also evaluated survival and death ratio with each cause of reintubation and found that dysrhythmias with hemodynamic instability are the major confounding factor toward patients mortality which is statistically significant \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\].

![Contribution of causes of reintubation (*n* = 25)](SJA-12-256-g004){#F1}

###### 

Comparison of causes of reintubation in patients with survived and death
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Discussion {#sec1-4}
==========

In general, the need for reinstitution of ventilatory support or reintubation within 24--72 h of planned endotracheal tube removal occurs in 2%--25% of extubated patients with multiple pathophysiologic causes such as hemodynamic instability, pulmonary edema, imbalance between respiratory muscle capacity and work of breathing, upper airway obstruction, excess respiratory secretions, inadequate cough, and encephalopathy.

In the previous cohort study of cardiac intensive care setup of tertiary care hospital over a 42 months period found an incidence of reintubation (6.6%) after cardiac surgery.\[[@ref3]\] This difference is compared with the current study possibly due to the change in the policy of fast-track protocol followed in other tertiary care centers, in an attempt to reduce the CICU stay and cost which have shown in numerous studies in literature.\[[@ref6][@ref7]\]

A prospective study of 1229 patients after cardiac surgeries found 11.8% and 10.6% reintubation in double and single valve replacement, respectively, whereas reintubation incidence in CABG alone was found 3.82%, and overall reintubation incidence was 2.14% which is very much comparable to our study.\[[@ref8]\]

The higher incidence of reintubation among the CABG together with valve replacement surgery indicates some correlation between extubation failure and a combined procedure. The exact mechanism is unclear; however, it is known that respiratory functions might deteriorate in the immediate postoperative period and might take time to return to preoperative values. It may be due to poor compliance of the lungs to accommodate the corrected cardiac output after combined CABG and valvular surgery. The incidence of persistent pleural effusion for weeks after combined CABG and valve replacement surgery is reported to be 45% and that could have been the contributing factor to pulmonary malfunction and subsequent need for reintubation in our combined procedure patients.\[[@ref9]\]

In our study, around 84% causes of reintubation are respiratory with or without multisystem involvement which is very evident and has been previously shown in numerous studies in literature.\[[@ref10][@ref11][@ref12]\] The most common respiratory cause is impending respiratory failure (52%) that manifested with increased work of breathing. In one particular study,\[[@ref8]\] the most common cause was impending respiratory failure (55.31%) which is again comparable (52%) to our study. Interestingly, causes related to airway patency and secretions (24%) manifested only after extubation.

In our study, 72% of the patients had cardiac reason for reintubation, where hemodynamic instability (arterial pressures decreases to 60 mmHg for 1 h), dysrhythmias with hemodynamic instability as a statistically significant finding. Cardiopulmonary arrest was the common reason, while pulmonary hypertension was the important reason among the valve replacement surgery patients and combined valvular and CABG patients. As a establish fact, arrhythmias are very common complications after cardiac surgery and represent a major source of morbidity and mortality. Among all arrhythmias, atrial tachyarrhythmia is the most common postoperative heart rhythm disorder.\[[@ref13]\]

The overall incidence of atrial fibrillation occurs in 5%--40% patients after coronary artery bypass surgery and contribute to mortality and morbidity in the postoperative period.\[[@ref14]\] Peretto *et al*.\[[@ref15]\] had described that age, structural heart disease, and extracardiac comorbidities, such as obesity, history of the previous stroke, and history of chronic obstructive pulmonary disease are considered the most known patient-related risk factors. Whereas, the inflammation after the surgery, hemodynamic stress during perioperative phase, ischemic myocardial injury due to hypoxia or hypercarbia, and electrolyte disbalances such as hypokalemia are considered surgical causes of arrhythmias after cardiac surgeries. To combat the postoperative arrhythmias after cardiac surgery, continuous atrial pacing is a reliable measure to follow.\[[@ref16]\] The most recent evidence advocates that fluid and inotropes administration should be directed to maintain a cardiac index above 3l/min/m all over the perioperative phase, the use of preoperative steroids could also reduce postoperative atrial fibrillation.\[[@ref17]\]

It has been noted that patients, who underwent myocardial revascularization and valve replacement procedures are particularly prone to develop stroke, encephalopathy, especially in geriatric or patients with significant atherosclerotic disease. Moreover, these patients are also subject to cerebral embolization and cerebral hyperthermia after discontinuation of cardiopulmonary bypass.\[[@ref18][@ref19]\] In our study, impaired conscious level (drop in Glasgow Coma Scale) 11/25 (44%) was found to be the third important reason for reintubation after pulmonary and cardiovascular reasons.

In our study, the elective high-risk thoracic surgery patients in CICU were also treated and followed postoperatively. All these patients were extubated, out of them five patients required re-intubation after 24 h. The main causes that led to reintubation after thoracic surgeries were pulmonary edema, atelectasis, pneumonia, airway obstruction, arrhythmias, imp aired brain function, and aspiration pneumonia. Furthermore, compromise preoperative medical status with poor baseline pulmonary functions was thought to be the major contributory factors. In recent review related to postoperative complications after thoracic surgeries have also highlighted same issues and concludes that anticipation and recognition of the problems can preclude major impediments.\[[@ref20]\] Similarly, another study concluded that the presence of more than two or three pulmonary risk predictors also lead to postoperative ICU requirements.\[[@ref21]\]

This study has some limitations. First, we did not monitor and follow patients after initial CICU discharge. Second, we followed the standard protocol of weaning but occasional discretional discharge by the primary surgeon due to other lined up cases. This might contribute early discharge from CICU. Third, we did not correlate the relationship of patient\'s comorbids and performed surgery which could have some impact on the outcome.

Conclusion {#sec1-5}
==========

The causes of reintubation are respiratory, and cardiac. The rate of reintubations is high when there is multisystem involvement. CICU, hospital stay, and mortality increase after reintubation with prolong ventilation. We suggest that additional studies are warranted in postcardiac and thoracic patients to identify other disease-related specific risk-factors, outcome measures, and conditions contributing to clinical deterioration. It would definitely reduce the rate of readmission in CICU and improve clinical outcome.
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